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Abstract: There is considerable potential for the cultivation of ectomycorrhizal mushrooms in countries that are not tradi- 


tional producers of edible ectomycorrhizal mushrooms . Those countries that are in the Southern Hemisphere may be able to 


take advantage of out-of-season Northern Hemisphere markets . For example, they might produce Rrigord black truffles 


( Tuber melanosporum) at the height of the Northern Hemisphere s summer tourist season or matsutake ( Tricholoma mat- 


sutake) during the Japanese cherry blossom festival . There is also the possibility that Northem Hemisphere countries not 


noted for exporting ectomycorrhizal mushrooms could cultivate those species that are in short supply elsewhere . For exam- 


ple, China might wish to try and cultivate Caesar s mushroom ( Amanita caesarea) and supplement dwindling supplies in 


Europe . However, there are risks in importing novel ectomycorrhizal fungi for research purposes and trade that go far be- 


yond those associated with the importation of fresh saprobic mushrooms raised in factories . This paper discusses these risks 


and points to potential hazards countries are exposed to when importing fresh ectomycorrhizal mushrooms or moving them 


from one part of the country to another . 
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Introduction 

There are commercial opportunities for cultivating 
edible ectomycorrhizal mushrooms (EEMM) either to 
supplement dwindling supplies harvested from the wild 
or to take advantage of higher prices out-of-season 
(Hall et al., 2003; Wang and Hall, 2004) . For ex- 
ample, truffles are already being cultivated in Southern 
Hemisphere countries for Northern Hemisphere markets 
during its summer months whilst porcini ( Boletus edulis 
sensu lato) which grows wild in South Africa and New 
Zealand might be exported fresh to Northern Hemi- 
sphere countries . The motivator for cultivating truffles 
in Australia and New Zealand has undoubtedly been the 
high prices paid for the rigord black truffle and bian- 
chetto truffle particularly at a time of year when the 
only competition is preserved product from the Northern 
Hemisphere (Hall et al., 2007) . Some growers have 
also been particularly high in some successful truff® res 


with yields occasionally exceeding 300 k@#ha . Howev- 
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er, there are also considerable commercial benefits in 
producing even modestly priced EEMM as secondary 
crops in plantation forests which otherwise are largely a 
financial drain for investors until the trees are felled 
(Hall and Wang, 2000; Hall, 2008b) . An example 
has been the cultivation of the saffron milk cap ( Lac- 
tarius deliciosus (L .ex Fr .) S.F .Gray) on Pinus ra- 
diata D . Don in New Zealand . This has been a suc- 
cessful commercial venture for Hannes and Theres 
Krummenacher since 2003 with current production av- 
eraging 3 kg from each 7 year old productive tree 
(Hall, 2008a) . Other possibilities might be the culti- 
vation and harvest of matsutake ( Tricholoma matsutake 
(S . Ito et Imai) Sing .) in the Southern Hemisphere 
during the Japanese cherry blossom time or the produc- 
tion of an EEMM in one Northern Hemisphere country 
to supplement dwindling supplies in another, for exam- 
ple, the cultivation of Caesar s mushroom ( Amanita 


caesarea) in say China to supply European countries 
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where it is now red listed . 

Regrettably the cultivation of EEMM has been, 
and still is, not without its risks . The potential for fail- 
ure is highlighted by the fact that fewer than a dozen of 
the 1000 species of EEMM have been successfully cul- 
tivated .The potential for disaster is also ever present in 
an EEMM research programme that could have far 
reaching consequences-risks that also apply to the trade 
in EEMM . This paper briefly covers these risks and by 
doing so reveals what measures might be taken to avoid 


possible problems becoming realities . 


Potential problems with the impor@export of 


EEMM 
Inferior truffles contaminating shipments of higher 
quality species 

In Europe all that stands in the way of a good and 
a bad buy in a truffle market is the experience and ho- 
nesty of the seller and the ability of the buyer to identi- 
fy truffles without the aid of a microscope or a fully 
equipped molecular biology laboratory, both of which 
are hard to find in truffle markets . Identification can 
also be particularly difficult if the truffles are very small 
or are very immature . Brigord black truffles ( Tuber 
melanosporum) truffles might be confused with Chinese 
truffles ( Tuber indicum), winter truffle ( Tuber brum- 
ale), Burgundy truffle ( Tuber aestivum) and the 
smooth black truffle ( Tuber macrosporum) (Hall et al., 
2007) . Similarly, Italian white truffles ( Tuber magna- 
tum) might be confused with young, immature Tuber 
maculatum or bianchetto truffles ( Tuber borchii) partic- 
ularly at the start of the season (Hall et al., 2007), 
and bianchetto with inferior species such as Tuber 
likely 


trufféres . While patience and using the axiom,“ if in 


dryophilum-a contaminant in bianchetto 
doubt, throw it out”, can reduce risk the chances of 
mistakes being made there is always the possibility of 
mistakes being made . 

The inclusion of an inferior species of truffle in a 
meal could ruin a special occasion but its inclusion in a 
batch of inoculum used to produce truffle infected trees 
could have dire consequences . Until recently, when 


new regulations were introduced in Europe (United Na- 
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tions, 2004; Vignaud, 2006), truffles covered in soil 
were a common sight in European marketplaces . This 
was primarily because truffles last longer when stored in 
this condition and deteriorate more quickly after wash- 
ing . However, perhaps during the washing process 
there is the possibility that small pieces of a contami- 
nating truffle, could perhaps become hidden in a small 
crack in the surface of the desired species during the 
washing process-even a 1 mm can contain enough 
spores to contaminate 100 plants . Indeed this may have 
been how the inferior truffle winter truffle became es- 
tablished in Australian and New Zealand truff€res in 
the past (Hall et al., 2008) . 

Importation of pathogenic fungi in shipments of 
truffles 

If truffle spores measuring about 20 - 55Um of one 
species can become secreted inside cracks in the surface 
of another then there is also the possibility that spores of 
other fungi could do likewise . Some will be familiar with 
mushroom collectors who pull mushrooms from the forest 
floor, dump them into a sack with a liberal coating of 
soil and then give them a good shaking on the way to the 
marketplace . The result is soil in the pores and gills 
that may also carry spores of pathogenic fungi . While 
mushrooms obviously contaminated with soil would not 
be allowed into a country with strict quarantine stan- 
dards the contamination may be so little as to go unno- 
ticed . Also there may be no regulations preventing soil 
contaminated mushrooms being shipped to another part 
of the country where a pathogen may be absent . 

The chlamydospores and oospores of Phytophthora 
can be about the same size (20 -91 um, Dailey et al., 
2004; Werres et al., 2001) as truffle spores so perhaps 
they too could ride piggyback on truffles from district to 
district or country to country . P. ramosum oospores , 
and those of other species, can be transmitted in a var- 
iety of ways such as in soil on machinery and in water 
and are highly resistant to heat surviving in leaves held 
at 55°C for 1 week, (Central Science Laboratory, 
2006; Turner et al., 2006) . Phytophthora cinnamo- 
mi, P. citricola, P.cambivora, P. ramorum and 
P. kemoviae and are widely distributed in Europe and 


infect a wide range of truffle host plants such as everg- 
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reen oak ( Quercus ilex), common oak ( Q. robur) and 
European beech ( Fagus sylvatica) ( Brasier, 2003; 
California Oak Mortality Task Force, 2008; Central 
Science Laboratory, 2006, 2007; Forest Research, 
2007; Scoop UK, 2008) . Phytophthora ramosum is 
the cause of sudden oak death and kills a variety of 
trees including Quercus and Fagus in the USA and 
Europe while P. kemoviae continues its insidious 
spread in the UK despite emergency measures having 
been taken (Central Science Laboratory, 2007; Scoop 
UK, 2008) . None of these are pathogens that a coun- 
try would want to risk importing . 

Armillaria, Heterobasidium, Phellinus, Polyporus 
and other pathogens of a wide variety of trees that are 
host plants for EEMM have much smaller spores than 
truffle ascospores and oospores of Phytophthora ( typi- 
cally 2um to 10um) . Perhaps these too might ride 
piggyback in shipments of EEMM . 

Bađeria 

Nitrogen fixing Azospirillum was found in Hebelo- 
ma crustuliniforme, Laccaria laccata and Rhizopogon 
vinicolor fruiting bodies more than 20 years ago (Li and 
Castellano, 1987) . Pseudomonas and other bacteria 
are also routinely found in the fruiting bodies of Can- 
tharellus cibarius and Tuber spp .and other mycorrhizal 
fungi where they are either benign, appear to help the 
mycorrhiza infect their host plant (mycorrhiza helper 
bacteria), play an unknown role, or simply cause de- 
cay (Barbieri et al., 2007; Cittario et al., 1995; 
Danell, 2000; Founoune ef al., 2002; Hall et al., 
2007; Pacioni et al., 2000; Sbrana et al., 2002) . 
Similarly, there seems to be a routine association of 
Cytophaga-Flexibacter-Bacteroides phylum bacteria 
within the mycelium of Tuber (Barbieri et al., 2002, 
2005) . All of these might slip into a country in a fruit- 
ing body or maybe on a culture . 

Fungal transmission of viruses 

More than 30 viruses have been found to be trans- 
mitted by Olpidium, Plasmodiophora, Polymyxa, 
Puccinia, and Spongospora subterranea to their host 
plants . There appear to be no studies on the presence 
of viral particles in EEMM or other ectomycorrhizal 
fungi . 
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Transmission of pests in EEMM 

Fly and beetle larvae are commonly found in fresh 
truffles and mushrooms particularly during wet years . It 
is not known whether the larvae that have been found in 
Australian and New Zealand T. melanosporum truffles 
are the same species as those present in French, Italian 
and Spanish truff@res . If it is determined that they are 
imports, perhaps using molecular techniques, then it 
would be of concern as to how they managed to escape 
the strict quarantine measures required by, for exam- 
ple, the past and current New Zealand Import Health 
Standard documents ( MAF Biosecurity, 2008) . On 
the other hand if the larvae are local species then 
it would be of interest to determine what their normal 


diet is . 


Discussion 

If it is demonstrated that there is the potential for 
moving diseases and pests around the world in truffles 
and mushrooms then counties may well take the inevita- 
ble knee jerk reaction and ban their import . Such cont- 
aminated truffles and mushrooms would present less of a 
danger if they were eaten . Unfortunately, it would not 
be possible to predict and guarantee exactly what a 
mushroom or truffle would be used for after it had gone 
through customs . Similarly, a chef may throw unco- 
oked waste onto a compost heap or truffles aimed at the 
restaurant industry might be used as inoculum instead . 
However, all the above is simple speculation until a 
great deal of work is done to determine exactly what the 
risks are . 

These days there are other risks that researchers 
must consider before embarking on a potentially long 
research programme . The most important of these is 
that a funding body may discontinue support before the 
research is complete (Hall, 2008a; Hall et al., 2007 
p . 10 and 228 - 229) . Another possibility is that com- 
mercial interests brought in to help fund a project could 
stifle publications to ensure maximum return on their 
investment . The result might be that a researchers 
publication record and their desirability as a future em- 
ployee could be adversely affected with potentially trag- 


ic consequences (Danell, pers . comm .) . 
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